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Several strains of multidrug-resistant (MDR) Salmonella serotype Typhimurium, including MDR S. Typhi-

murium definitive type 104, cause almost 10% of Salmonella infections among humans in the United States.

To determine the risk factors for acquiring sporadic MDR S. Typhimurium infection, we conducted a popu-

lation-based, case-control study using data from the Foodborne Diseases Active Surveillance Network

(FoodNet) during 1996–1997. S. Typhimurium isolates from 5 FoodNet surveillance areas (California, Con-

necticut, Georgia, Minnesota, and Oregon) were tested for antimicrobial resistance and phage typing. Telephone

interviews were conducted with ill persons and matched control subjects. Compared with both control subjects

and patients infected with pansensitive strains of S. Typhimurium, patients with MDR S. Typhimurium infection

were significantly more likely to have received an antimicrobial agent, particularly an agent to which the

Salmonella isolate was resistant, during the 4 weeks preceding illness onset. Prudent antimicrobial agent use

among humans and among veterinarians and food-animal producers is necessary to reduce the burden of

drug-resistant salmonellosis in humans.

Each year in the United States, an estimated 1.4 million

Salmonella infections occur [1]. Most infections are

mild or moderate, but severe infections can occur, in-

cluding bacteremia and meningitis; Salmonella infec-
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tions result in an estimated 580 deaths annually. The

estimated costs of medical care and loss of productivity

resulting from foodborne salmonellosis are $0.5–$2.3

billion/year [2]. Among the 12000 serotypes of Sal-

monella enterica, serotype Typhimurium (including var-

iant Copenhagen) is the most common; it accounted

for 25% of culture-confirmed infections reported to the

Centers for Disease Control and Prevention (CDC) in

1999 [3]. Increasing antimicrobial resistance among

Salmonella has been noted for several decades [4–6];

compared with other serotypes, increasing antimicro-

bial resistance (including resistance to multiple agents)

is particularly common among strains of serotype Ty-

phimurium [7]. During the past decade, 1 multidrug-

resistant (MDR; defined as resistant to �5 antimicro-

bial agents) strain of S. Typhimurium in particular
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has emerged in the United States and internationally. This

strain, MDR S. Typhimurium definitive type (DT) 104, is usu-

ally resistant to at least ampicillin, chloramphenicol, strepto-

mycin, sulfamethoxazole, and tetracycline (ACSSuT) [6, 8]. In

1999, MDR S. Typhimurium resistance (R) type ACSSuT ac-

counted for 6.8% of Salmonella isolates in the National Anti-

microbial Resistance Monitoring System (NARMS) in the

United States [7]. Recently, a second MDR strain of S. Typhi-

murium that is resistant to at least ampicillin, kanamycin, strep-

tomycin, sulfamethoxazole, and tetracycline (designated R type

AKSSuT) has also been described, and it accounted for an

additional 2.6% of NARMS Salmonella isolates in 1999 [7]. A

third strain that had a combination of the 2 resistance patterns

(R type ACKSSuT) was less common but accounted for an

additional 0.8% of NARMS Salmonella isolates in 1999.

Studies in the United States have consistently identified con-

taminated food to be the source for most nontyphoidal Sal-

monella infections among humans and, by extension, also for

infections with antimicrobial-resistant Salmonella [9–11]. In the

United States, most human Salmonella infections are acquired

from eating food contaminated with animal feces; such foods

are commonly of animal origin but also include other foods

(e.g., produce) that can be contaminated through irrigation

with contaminated surface water. Infections resulting from di-

rect contact with animals are less common, but they do occur.

Person-to-person transmission of Salmonella in the United

States is uncommon, primarily because of improvements in

sanitary practices that limit the dissemination of human feces

[9].

Although MDR S. Typhimurium, particularly R types

ACSSuT and AKSSuT, has become prevalent in the United

States, few studies have been conducted to determine the risk

factors for infection among humans. Studies that have been

conducted specifically to address the role of MDR strains of S.

Typhimurium in outbreaks have associated these infections

with the consumption of animal products (e.g., pork in Den-

mark [12] and unpasteurized cheese in the United States [13,

14]). No study has examined the risk factors for acquiring

sporadic MDR S. Typhimurium infection in this country. Our

goal, therefore, was to identify the risks for acquiring sporadic

MDR S. Typhimurium infection and to assess the clinical dif-

ferences between persons infected with MDR S. Typhimurium

and those infected with pansensitive S. Typhimurium.

METHODS

Surveillance. The Foodborne Diseases Active Surveillance

Network (FoodNet), in collaboration with participating state

health departments, conducted active surveillance at clinical

laboratories during 1996–1997 for culture-confirmed cases of

S. Typhimurium infection in 5 areas (the states of Minnesota

and Oregon and selected counties in California, Connecticut,

and Georgia) with a combined population of 14,281,096 per-

sons [15]. FoodNet personnel contacted each of the clinical

laboratories that processed clinical samples from residents of

FoodNet surveillance areas (also known as “FoodNet sites”) at

least monthly to ascertain culture-confirmed cases. Identified

Salmonella isolates were then routinely forwarded from clinical

laboratories to their respective state public health laboratories

for serotyping.

Laboratory methods. S. Typhimurium isolates, after being

serotyped at the state public health laboratories in the FoodNet

sites, were tested at the Foodborne and Diarrheal Diseases Lab-

oratory at the CDC for antimicrobial susceptibility. Partial-

range MICs were determined for 14 antimicrobial agents: am-

ikacin, amoxicillin/clavulanic acid, ampicillin, ceftriaxone,

cephalothin, chloramphenicol, ciprofloxacin, gentamicin, kan-

amycin, nalidixic acid, streptomycin, sulfamethoxazole, tetra-

cycline, and trimethoprim-sulfamethoxazole, using broth mi-

crodilution (Sensititer; Trek Diagnostics). NCCLS interpretive

standards were used [16]. Isolates that were resistant to �5

antimicrobial agents were categorized as being MDR. Groups

of isolates with similar R types were not mutually exclusive;

isolates with R types ACKSSuT were counted among the R type

ACSSuT and AKSSuT groups. After undergoing resistance test-

ing, isolates were phage typed using methods described else-

where [17]. Isolates phage typed as DT104, DT104a, DT104b,

DT104c, or U302 were classified together as DT104 complex

(referred to hereafter as “DT104 isolates”). Isolates identified

as phage types other than DT104 and those typed as reacting

to phages but not conforming to a specific phage type, rough,

or untypeable were classified as “other S. Typhimurium.”

Case-control study. With the exception of residents of

Minnesota, all persons living in the surveillance area who were

identified as having culture-confirmed S. Typhimurium infec-

tion during the study period were eligible for inclusion in the

study. In Minnesota, a 2-stage selection procedure was used.

First, every third serogroup B and D Salmonella isolate was

randomly selected; then, of the selected isolates, all serotype

Typhimurium isolates were identified; all corresponding pa-

tients from whom these isolates had been obtained were eligible

for inclusion in the case-control study. Telephone interviews

using a fixed questionnaire were conducted by state FoodNet

staff members. Persons with culture-confirmed S. Typhimu-

rium infection were surveyed, along with 1 or 2 healthy control

subjects who were matched to case patients by age and tele-

phone exchange; control subjects were selected by sequential-

progressive-digit dialing. For infants aged !2 years, control sub-

jects were also found through matching to birth registries.

Information was collected concerning illness, treatment, and

outcome for all persons with a S. Typhimurium infection; in

addition, interviewees were asked about ∼100 potential food,
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Table 1. Resistance to antimicrobial agents among 489 Sal-
monella Typhimurium isolates that underwent susceptibility test-
ing, FoodNet case-control study, 1996–1997.

Antimicrobial agent

NCCLS
breakpoint

MIC, mg/mL

No. (%) of
resistant
isolates

Amikacin �64 0 (0)

Amoxicillin/clavulanic acid �32/�16 16 (3)

Ampicillin �32 205 (42)

Ceftriaxone �64 2 (!1)

Cephalothin �32 18 (4)

Chloramphenicol �32 142 (29)

Ciprofloxacin �4 0 (0)

Gentamicin �16 14 (3)

Kanamycin �64 63 (13)

Nalidixic acid �32 5 (1)

Streptomycin �64 228 (47)

Sulfamethoxazole �512 272 (56)

Tetracycline �16 213 (44)

Trimethoprim-sulfamethoxazole �4/�76 10 (2)

water, and other exposures (e.g., international travel and vis-

iting a farm). Patients were interviewed within 21 days after

specimens were obtained from them; control subjects were in-

terviewed within 10 days (7 days in Connecticut) of the inter-

view of their matched patient.

Patients were excluded from the study if they did not have

diarrhea, if the onset of diarrhea due to the culture-confirmed

S. Typhimurium infection occurred �10 days before the date

the specimen was obtained, if the patient was not the first

infected person in the household, or if the patient’s infection

belonged to a known outbreak. Only patients for whom isolates

were both phage typed and tested for antimicrobial suscepti-

bility were included in the analysis. We obtained informed con-

sent from participants and conducted the study in accordance

with guidelines for human research as specified by the US De-

partment of Health and Human Services.

Statistical analysis. Three main comparisons were per-

formed: (1) between persons infected with S. Typhimurium

(regardless of susceptibility results) and matched healthy con-

trol subjects, (2) between the subset of persons infected with

MDR S. Typhimurium and matched healthy control subjects,

and (3) between persons infected with MDR S. Typhimurium

and those infected with pansensitive S. Typhimurium. All anal-

yses were conducted using SAS version 6.12 software (SAS In-

stitute). Between-group comparisons were conducted using the

t-test statistic for means and the x2 statistic for proportions;

was considered to be significant. We used conditionalP ! .05

logistic regression for analyses between matched case patients

and control subjects and unconditional logistic regression for

the final unmatched comparison. Multivariate analysis included

variables that were associated with the outcome of interest ac-

cording to the results of univariate analysis ( ). In theP ! .10

unconditional logistic regression model, age group (i.e., !2, 2–

12, 13–18, 19–60, and 160 years), FoodNet site, and season of

the year (i.e., January–March, April–June, July–September, and

October–December) were included in the multivariate model.

We conducted forward stepwise regression modeling in the

multivariate analysis to identify risk factors that were indepen-

dently associated with the outcome of interest ( ). Be-P ! .05

cause we wanted to identify the exposures associated with in-

fection, risk factors negatively associated with the outcome were

not included in further models unless they were thought to be

confounders. The population-attributable fraction was calcu-

lated for each of the variables that were independently asso-

ciated with the outcome according to the final model [18]. CIs

were computed for model-adjusted, exposure-specific attrib-

utable fractions with use of a jackknife procedure [19].

RESULTS

During the 12-month study period, 647 culture-confirmed

cases of S. Typhimurium infection were ascertained from the

5 FoodNet sites. The overall incidence was 4.3 cases/100,000

population, and ranged from 3.3 in Oregon to 4.7 in Con-

necticut and California. Fifty percent of patients were female,

and the median age was 13 years (25%–75% quartiles, 3–36

years). Among patients with known outcome information, 157

(25%) of 622 were hospitalized, and 5 (0.8%) of 619 died.

From the 647 patients with culture-confirmed S. Typhi-

murium infection, 503 (78%) isolates were available for further

laboratory testing. Of these, 489 (97%) underwent antimicro-

bial susceptibility testing. Isolates were most frequently resistant

to sulfamethoxazole (56% of isolates), streptomycin (47%), tet-

racycline (44%), and ampicillin (42%); no isolate was resistant

to amikacin or ciprofloxacin (table 1). Of the 489 isolates, 197

(40%) were pansensitive, 144 (29%) were resistant to 5 agents,

and the remaining isolates exhibited resistance to a varying

number of agents; the most resistant isolate was resistant to 10

different agents (figure 1). Of the 179 MDR isolates, 135 (75%)

were R type ACSSuT, 46 (26%) were R type AKSSuT, and 8

(4%) were R type ACKSSuT (table 2). Some of the 135 R type

ACSSuT isolates were additionally resistant to nalidixic acid (2

isolates), amoxicillin/clavulanic acid (12), cephalothin (1), gen-

tamicin (1), and trimethoprim-sulfamethoxazole (1). Some of

the 46 R-type AKSSuT isolates were additionally resistant to

cephalothin (10 isolates), nalidixic acid (1), gentamicin (1), and

amoxicillin/clavulanic acid (1). Some of the 8 R type ACKSSuT

isolates were additionally resistant to amoxicillin/clavulanicacid

(2), ceftriaxone (1), cephalothin (1), and nalidixic acid (1).

Only 6 (3%) MDR isolates were R types other than ACSSuT,

AKSSuT, or ACKSSuT.
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Figure 1. Occurrence of resistance among 489 Salmonella Typhimu-
rium isolates tested for susceptibility to 14 antimicrobial agents, FoodNet
case-control study, 1996–1997.

Of the 489 S. Typhimurium isolates with antimicrobial sus-

ceptibility test results, 488 (99%) underwent phage typing. Of

these, 156 (32%) were phage typed as DT104 complex, and

332 isolates (68%) were other phage types or had other phage-

typing results (table 2). Of the 179 MDR isolates, 123 (69%)

were phage typed as DT104 complex; among 309 isolates that

were pansensitive or resistant to !5 agents, only 33 (11%) were

DT104 complex. Among the MDR isolates, 119 (88%) of 135

R type ACSSuT isolates were phage typed as DT104 complex,

whereas only 6 (13%) of 46 R type AKSSuT isolates were phage

typed as DT104 complex.

The proportion of the 488 fully characterized S. Typhimu-

rium isolates that were MDR varied significantly across the 5

FoodNet sites ( ). California had the highest percentageP p .02

of MDR isolates (50%), and Minnesota had the lowest (29%).

Compared with other sites, Minnesota had a significantly higher

proportion of MDR isolates that were R type AKSSuT (37%

vs. 21%; ). No demographic or other described attrib-P p .03

utes could clearly account for these differences between states.

Of the 488 patients whose isolates underwent both phage

typing and antimicrobial susceptibility testing, 202 (41%) eli-

gible patients were interviewed. Of the remaining 286 patients,

72 (25%) were excluded from the study because they were not

interviewed within 21 days after a specimen was obtained; 64

(22%) were excluded because they were not eligible, most com-

monly because they were not randomly sampled for interview

(37 patients), had onset of diarrhea 110 days before a specimen

was obtained (12), or did not have diarrhea (9); 13 (5%) were

excluded because they refused or were unable to answer inter-

view questions; and 137 (48%) were lost to follow up or oth-

erwise lacked a documented reason for exclusion. Of the 202

interviewed patients, 166 (82%) were matched to healthy con-

trol subjects and were included in the case-control study; 151

patients were matched with 2 control subjects, and 15 were

matched with 1 control subject, for a total of 317 healthy con-

trol subjects. The remaining 36 interviewed patients (18%) were

excluded after interview because healthy control subjects were

not identified within the required time period.

By definition, all 202 interviewed patients reported diarrhea

as a symptom. Of those providing information on additional

symptoms, 109 (55%) of 197 reported a maximum of 110 loose

stools over a 24-h period. Patients reported diarrhea lasting for

a median of 7 days (range, 1–76 days); only 3 patients (1%)

reported diarrhea that lasted 130 days. Other symptoms re-

ported by patients included fever (88% of patients; median

maximum temperature, 39�C; range, 38�C–41�C), abdominal

cramps (91%), bloody diarrhea (65%), and vomiting (51%).

For 155 (91%) of 171 responding patients, the illness interfered

with normal activities; the median duration of interference was

of 7 days (range, 0–76 days). Twenty-four percent of patients

were hospitalized for this illness; the median duration of hos-

pitalization was 3 days (range, 1–24 days). Of 198 responding

patients, 116 (59%) patients who were treated with an antibiotic

for their illness. Of these 116, 89 (77%) reported the particular

agents they were treated with; of these, 7 (8%) were treated

with an antimicrobial agent to which their isolate was resistant.

Of the 202 isolates, 197 (98%) were cultured from stool; only

5 isolates (2%) were cultured from blood.

Of the 202 interviewed patients, 77 (38%) were infected with

MDR isolates, 37 (18%) were infected with isolates resistant to

1–4 antimicrobial agents, and 88 (44%) were infected with

pansensitive isolates. Of the 77 MDR isolates, 58 (75%) were

R type ACSSuT and 21 (27%) were R type AKSSuT; 51 (66%)

were DT104 R type ACSSuT. Controlling for age, season, and

FoodNet site, we compared the spectrum of clinical illness be-

tween persons infected with MDR isolates and those infected

with pansensitive isolates by examining the percentage of pa-

tients hospitalized or treated with antimicrobial agents for the

S. Typhimurium infection, the percentage of isolates cultured

from blood, and the frequency of different signs and symptoms

between the 2 groups. No significant difference between the 2

patient groups was identified for any of the characteristics. The

subset of patients with R type ACSSuT infections were slightly

less likely to have missed usual activities than were patients

infected with pansensitive strains (85% vs. 94%; ). NoP p .03

significant differences were observed when the spectrum of

clinical illness was compared between patients with R type

AKSSuT infections and those infected with pansensitive strains.

With a few exceptions, the demographic characteristics of

the patients and the microbiological characteristics of corre-

sponding isolates (susceptibility testing and phage typing) were

similar for the group of 202 interviewed patients and the group

of 286 patients who were not interviewed. Patients who were

not interviewed were more likely to have had their isolate cul-

tured from extraintestinal sources than patients who were in-

terviewed (9% vs. 3%; ). Patients who were not in-P p .002
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Table 2. Antimicrobial resistance and phage typing results for 488 Salmonella Typhimurium isolates, FoodNet case-
control study, 1996–1997.

Strain

No. (%) of isolates, by resistance class and type

Multidrug resistanta Not multidrug resistant

ACSSuTb AKSSuTb ACKSSuTb
Other

patterns Totalc

Resistant
to 1–4
agents Pansensitive Totalc

DT104 complex

DT104 81 5 5 3 84 12 2 98

DT104a 2 0 0 0 2 5 4 11

DT104b 30 0 0 0 30 0 2 32

U302 6 1 0 0 7 1 7 15

Subtotal 119 6 5 3 123 18 15 156 (32)

Otherd

RDNC 5 10 0 1 16 53 123 192

Untypeable 2 26 1 2 29 19 18 66

Rough 1 3 1 0 3 2 6 11

DT10 0 0 0 0 0 6 9 15

DT120 8 1 1 0 8 1 3 12

Other phage types 0 0 0 0 0 120 22 36

Subtotal 16 40 3 3 56 95 181 332 (68)

Total 135 46 8 6 179 (37) 113 (23) 196 (40) 488

NOTE. ACSSuT, resistant to at least ampicillin, chloramphenicol, streptomycin, sulfamethoxazole, and tetracycline; AKSSut, resistant to
at least ampicillin, kanamycin, streptomycin, sulfamethoxazole, and tetracycline; DT, definitive type; RDNC, reacts to phages but does not
conform to a specific phage type.

a Multidrug resistant isoaltes were defined as those resistant to �5 antimicrobial agents.
b Groups of isolates with similar resistance types are not mutually exclusive: ACKSSuT isolates are included in ACSSuT, AKSSuT, and

ACKSSuT columns.
c Row totals do not equal the sum of column values because groups of isolates with similar resistance types are not mutually exclusive.
d Other phage types or phage-typing results

terviewed were, on average, older (median age, 27 years; range,

1–94 years) than patients interviewed for the study (median

age, 18 years; range, 1–83 years; ). Additional identifiedP p .001

differences were observed when the 166 patients who had at

least 1 matched healthy control subject were compared with

the 36 patients for whom control subjects could not be found.

The 166 interviewed patients who were included in the case-

control study were significantly older (median age, 20 years;

range, 0–83 years) than the 36 patients without matched healthy

control subjects (median age, 7 years; range, 0–46 years; P p

). In addition, when compared with patients without.001

matched healthy control subjects, patients included in the case-

control study were more likely to be white (78% vs. 49%), less

likely to be of a race other than those specified in the provided

categories (5% vs. 19%), and less likely to be Hispanic (11%

vs. 32%).

To identify the risk factors for infection with S. Typhimu-

rium, we compared the 166 interviewed patients with the 317

matched healthy control subjects. In univariate analysis, several

exposures occurring in the 5 days preceding illness onset were

identified as risk factors for developing a S. Typhimurium in-

fection—eating eggs (specifically scrambled or fried eggs) pre-

pared outside the home (e.g., in a restaurant, deli, or cafeteria),

visiting a cattle farm, traveling outside the United States, and

eating !10 meals prepared in the home (table 3). Treatment

with any antibiotic during the 4 weeks preceding illness onset

was more common among case patients (17%) than among

control subjects (10%). Treatment with an agent included in

the common multidrug resistance patterns (i.e., R types

ACSSuT, AKSSuT, and ACKSSuT) had a stronger association:

10% of case patients received �1 of these agents during the 4

weeks preceding illness onset, compared with 4% of control

subjects during the same time period (matched OR [MOR],

2.8; 95% CI, 1.3–6.1). Antimicrobial agents from the ACKSSuT

group that were used to treat patients during the 4 weeks pre-

ceding illness onset included amoxicillin (in 13 patients) and

penicillin (in 4). Agents from the ACKSSuT group that were

used to treat healthy control subjects during the same 4-week

time period as the matched case patients were amoxicillin (in

11 patients) and sulfamethoxazole (in 1). In the multivariate

model, 3 exposures remained independently associated with the

development of S. Typhimurium infection: receiving 1 of the

agents in the ACKSSuT group during the 4 weeks preceding

illness onset (MOR, 3.1; 95% CI, 1.3–7.3), traveling outside the



Table 3. Risk factors for Salmonella Typhimurium infection, FoodNet case-control study, 1996–1997.

Risk factor

All infected patients vs.
matched healthy control subjects

Patients infected with MDR strains vs.
matched healthy control subjects

Patients infected with MDR strains vs.
patients infected with pansensitive strains

No. (%) of
patients

(n p 166)

No. (%)
of control
subjects

(n p 317) MOR (95% CI)

No. (%) of
patients
(n p 61)

No. (%)
of control
subjects

(n p 117) MOR (95% CI)

No. (%) of
patients with
MDR strains

(n p 77)

No. (%) of
patients with
pansensitive

strains
(n p 88) OR (95% CI)

In the 4 weeks before illnessa

Received agent(s) in the ACKSSuT group 17 (10) 12 (4) 2.86 (1.3–6.1)b,c 13 (22) 5 (5) 5.7 (1.8–17.4)b,c 15 (21) 2 (2) 19.7 (3.7–105.7)b,c

In the 5 days before illness onseta

Ate eggs prepared outside the home 27 (18) 30 (10) 1.9 (1.0–3.3)b 12 (22) 13 (12) 2.2 (0.9–5.6)b 12 (21) 11 (15) 2.4 (0.8–7.0)

Ate !10 meals prepared in the home 94 (63) 158 (54) 1.6 (1.1–2.6)b 38 (71) 57 (54) 2.5 (1.2–5.2)b 41 (71) 44 (61) 1.7 (0.7–4.1)

Ate turkey prepared in the home 17 (10) 37 (13) 0.8 (0.4–1.5) 11 (19) 12 (11) 2.0 (0.8–5.0) 11 (17) 5 (6) 3.3 (0.9–11.4)b,c

Ate fried eggs prepared outside the home 12 (8) 8 (3) 2.8 (1.1–6.9)b,c 5 (9) 4 (4) 2.3 (0.6–8.7) 5 (8) 5 (7) 2.4 (0.5–10.8)

Ate scrambled eggs prepared outside the home 15 (10) 16 (6) 1.9 (0.9–4.2)b 8 (15) 7 (6) 3.2 (0.9–10.8)b,c 8 (14) 5 (7) 2.5 (0.7–9.7)

Visited a cattle farm 10 (6) 9 (3) 3.1 (1.0–9.4)b 3 (5) 3 (3) 2.4 (0.4–15.0) 3 (4) 5 (6) 1.3 (0.3–6.8)

Traveled outside the United States 8 (5) 2 (1) 13.6 (1.7–110.1)b,c 2 (3) 0 (0) … 2 (3) 5 (6) 1.5 (0.2–10.7)

NOTE. ACKSSuT, ampicillin, chloramphenicol, kanamycin, streptomycin, sulfamethoxazole, and tetracycline; MDR, resistant to �5 antimicrobial agents; MOR, matched odds ratio.
a Or similar period for control subjects.
b Significant according to univariate analysis ( ).P � .10
c Remained significant according to multivariate analysis ( ).P ! .05
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United States (MOR, 19.4; 95% CI, 2.2–172.4) during the 5

days preceding illness onset, and eating fried eggs prepared

outside the home (MOR, 4.2; 95% CI, 1.4–12.9) during the 5

days before illness onset.

Of the 166 interviewed and matched patients, 61 (37%) were

infected with MDR isolates. Forty-eight of the isolates (79%)

were R type ACSSuT, 14 (23%) were R type AKSSuT, and 43

(70%) were DT104 R type ACSSuT. To determine the risk

factors specifically for MDR S. Typhimurium infection, we

compared the 61 patients who were infected with MDR isolates

with their 117 matched healthy control subjects. In the uni-

variate analysis, many of the same risk factors were identified

as in the first analysis (table 3). Again, case patients were more

likely to have eaten !10 home-cooked meals in the 5 days

preceding illness onset and were more likely to have been

treated with agents in the ACKSSuT group during the 4 weeks

before illness onset (amoxicillin [in 12 patients] or penicillin

[in 1]) than were control subjects during the same time period.

In multivariate analysis, 2 variables remained in the final model:

receiving agents in the ACKSSuT group during the 4 weeks

before illness onset (MOR, 5.8; 95% CI, 1.6–20.7) and con-

suming scrambled eggs prepared outside the home during the

5 days before illness onset (MOR, 5.7; 95% CI, 1.3–26.1). As

expected, a significant correlation was observed between this

latter risk factor and having eaten !10 meals in the home during

the same time period. Similar results were found when the

analysis was restricted to the 43 patients with infected with

MDR S. Typhimurium DT104 (R type ACSSuT) strains and

their 84 matched healthy control subjects; these patients were

more likely to have been treated with agents in the ACKSSuT

group during the 4 weeks before illness (MOR, 5.5; 95% CI,

1.3–23.8) and to have consumed eggs outside the home during

the 5 days before illness onset (MOR, 4.4; 95% CI, 1.2–16.6)

than were matched control subjects in the same time periods.

We compared the 105 patients who had other S. Typhi-

murium infections (i.e., those infected with isolates resistant to

!5 agents or that were pansensitive) with 200 matched healthy

control subjects and found that eating fried eggs prepared out-

side the home, visiting a cattle farm, and traveling outside the

United States during the 5 days before illness onset were again

significantly associated with having an S. Typhimurium infec-

tion, according to the results of univariate analysis. In contrast,

neither treatment with any antimicrobial agents nor treatment

specifically with agents in the ACKSSuT group during the 4

weeks before illness onset was associated with infection with a

strain of S. Typhimurium that was not MDR. Similarly, when

we compared only the 76 patients who were infected with pan-

sensitive strains with 142 matched healthy control subjects,

neither prior use of any antimicrobial agent nor the use of just

the agents in the ACKSSuT group was associated with infection.

To assess more definitively whether the exposures identified

as risk factors were significantly associated with developing in-

fection with an MDR strain, compared with infection with a

pansensitive strain, we compared these 2 groups of patients in

the final analysis. Because having an interviewed matched con-

trol was not a requisite for the analysis, the additional 36 un-

matched patients from among the 202 interviewed patients

were available for this final comparison, which made available

data for a total of 77 patients infected with MDR strains and

88 infected with pansensitive strains. In univariate analysis, only

2 risk factors were identified as being likely among patients

infected with MDR strains than among patients infected with

pansensitive strains (table 3), and both remained independently

associated with developing infection with an MDR strain ac-

cording to the results of the multivariate model. In the mul-

tivariate model, patients infected with MDR strains were sig-

nificantly more likely to have been treated with an agent in the

ACKSSuT group during the 4 weeks before illness onset (OR,

20.9; 95% CI, 3.6–121.2) and to have eaten home-cooked tur-

key during the 5 days before illness onset (OR, 4.2; 95% CI,

1.1–16.0) than were patients infected with pansensitive strains.

The ACKSSuT antimicrobials received by patients infected with

MDR strains during the 4 weeks before illness onset were amox-

icillin (by 13 patients) and penicillin (by 2). When we restricted

the 77 patients infected with MDR strains to the subset of 51

infected with DT104 (R type ACSSuT), these patients also were

more likely to have been treated with agents in the ACKSSuT

group than were patients infected with pansensitive strains (OR,

35.3; 95% CI, 5.2–240.1).

We calculated the attributable fraction for each of the iden-

tified risk factors in the 2 final models. In the model that

compared patients who had MDR S. Typhimurium infections

with well-matched control subjects, 17% (95% CI, 4%–49%)

of the infections with MDR strains were attributed to prior

ACKSSuT antimicrobial agent use, whereas 13% (95% CI, 3%–

24%) were attributed to consuming scrambled eggs prepared

outside the home during the 5 days before illness onset. How-

ever, when we compared the patients infected with MDR strains

with patients infected with pansensitive strains, 20% (95% CI,

9%–31%) of the infections with MDR strains were attributed

to the prior use of ACKSSuT antimicrobial agents and 13%

(95% CI, 2%–23%) were attributed to the consumption of

turkey cooked in the home.

DISCUSSION

Each year, an estimated 1.4 million Salmonella infections occur

in the United States, of which ∼30,000 are confirmed by culture

and have isolates serotyped at state public health laboratories.

Previous surveillance data have demonstrated that one partic-

ular strain, MDR S. Typhimurium DT104 R type ACSSuT, has

rapidly disseminated to cause almost 10% of culture-confirmed
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human Salmonella infections in the United States [6]; similar

patterns are occurring in other countries [8, 20]. Recently, the

emergence of MDR S. Typhimurium R type AKSSuT has also

been described in the United States. In the present study, more

than one-third of the S. Typhimurium infections and, thus,

10% of all Salmonella infections occurring in these sites, were

identified as being due to MDR strains (predominantly R types

ACSSuT and AKSSuT).

We consistently identified one risk factor for development

of an MDR S. Typhimurium infection: treatment during the 4

weeks before illness onset with antimicrobial agents to which

the infecting strain of S. Typhimurium was resistant. In par-

ticular, prior treatment with agents in the ACKSSuT group was

a risk factor for developing infection with an MDR strain if

patients infected with pansensitive strains of S. Typhimurium,

rather than the matched healthy control subjects, were used

for comparison. In each instance, case patients infected with

MDR strains who received agents in the ACKSSuT group (pre-

dominantly b-lactams, such as penicillin and ampicillin) before

illness onset were infected with a Salmonella isolate that was

resistant to that agent. When translated into attributable frac-

tions, having been treated with an antimicrobial agent to which

the MDR isolate was resistant accounted for 17% of infections

with an MDR strain, if healthy control subjects were used as

the baseline population, and accounted for 20% of such in-

fections, if patients infected with pansensitive strains were used

as the baseline population.

This phenomenon—exposure to antimicrobial agents that

leads to infection with strains resistant to those agents—has

also been documented in other recent studies of resistant bac-

terial organisms [21–24]. On the basis of the results of our

study, a biologically plausible explanation is that persons are

exposed to low levels of MDR S. Typhimurium, likely through

the consumption of food products contaminated with resistant

organisms, which then establish transient, asymptomatic in-

fections. If the administration of antimicrobial agents to which

the MDR S. Typhimurium isolate is resistant occurs for any

reason during this period of transient infection or at the time

of the ingestion of MDR S. Typhimurium, the number of sus-

ceptible enteric commensal organisms will be reduced. This

then permits the proliferation of the MDR S. Typhimurium

strain resistant to that agent, which results in progression of

the infection to a clinically apparent illness. This mechanism

does not involve de novo resistance after the exposure of or-

ganisms to therapeutic antimicrobial agents in the gastrointes-

tinal tract. Outbreak investigations in which this phenomenon

has been evident have demonstrated that patients are infected

with organisms that are already resistant. Furthermore, prior

antimicrobial agent use does not increase patients’ risk for in-

fection with drug-susceptible strains of Salmonella to the same

extent as it increases the risk for infection MDR S. Typhimu-

rium. Our results show that patients’ prior use of antimicrobial

agents is not a risk factor for development of infection with

less-resistant or pansensitive strains, compared with the risk

for healthy control subjects. However, when we compared pa-

tients infected with an MDR strain with patients infected with

a pansensitive strain, we found that prior antimicrobial agent

use was a risk factor for infection with an MDR strain.

S. Typhimurium, unlike many other serotypes of Salmonella,

has caused clinical illness in a wide variety of hosts. The con-

tribution of antimicrobial use in food-animal production to

the emergence of antimicrobial resistance in the food-animal

population has been extensively discussed [9, 10, 25, 26]. The

administration of antimicrobial agents to food-producing an-

imals has created selective pressure for the antimicrobial-resis-

tant strains [27, 28], which has contributed to the dissemination

of drug-resistant strains of Salmonella. Many reports of clinical

illness caused by MDR strains of S. Typhimurium among an-

imals have involved cattle [29–31], and sporadic cases and out-

breaks of infection with MDR S. Typhimurium DT104 (R type

ACSSuT) have predominantly been associated with cattle prod-

ucts, such as beef and dairy products [13, 14, 32, 33]. We did

not identify any cattle products to be risk factors for infection

in our multivariate analysis. Rather, our analyses implicated

food-consumption practices associated with poultry—ingestion

of home-cooked turkey and various preparations of eggs

cooked outside the home. Infections with S. Typhimurium and,

to a lesser extent, MDR S. Typhimurium DT104 (R type

ACSSuT) have been associated with poultry and eggs [34–40].

Our results suggest that the role of eggs and poultry in infection

with MDR S. Typhimurium, specifically in infections with MDR

S. Typhimurium DT104 (R type ACSSuT), needs to be more

fully investigated.

Our study demonstrates that the severity of clinical illness

is similar for both patients infected with MDR strains of S.

Typhimurium and those infected with pansensitive strains. This

finding has also been reported in other studies of MDR S.

Typhimurium, including MDR DT104 R type ACSSuT [41–

43], which suggests that these particular organisms may have

no greater virulence than other S. Typhimurium strains. How-

ever, our study did not include persons who did not have

diarrhea and, therefore, excluded some persons with severe

invasive infections; this exclusion is reflected in the higher pro-

portion of invasive isolates (9%) among patients not enrolled

in the study than among patients who were enrolled (3%).

Further studies are needed to evaluate the association between

infection with an MDR strain and the severity of clinical illness.

Our results also demonstrate the rare but identified resistance

to 2 groups of antimicrobial agents that are commonly used

to treat persons with serious Salmonella infections—the fluor-
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oquinolones, for infections in adults, and the extended-spec-

trum cephalosporins, in children. Although no isolate was re-

sistant to ciprofloxacin, 1% of the MDR S. Typhimurium

isolates in our study were resistant to the quinolone nalidixic

acid, resistance to which correlates with decreased susceptibility

to fluoroquinolones. Two isolates (1%) were resistant to cef-

triaxone, an extended-spectrum cephalosporin. Treatment fail-

ures can be anticipated if resistance to these clinically important

antimicrobial agents continues to emerge. Although antimi-

crobial treatment for uncomplicated salmonellosis is not gen-

erally indicated, our results also demonstrate that the treatment

of persons who have salmonellosis with antimicrobial agents

remains common.

FoodNet is a population-based study. Identifying all culture-

confirmed cases within the surveillance areas allows for more

accurate estimates of disease incidence. Because control subjects

were also selected from the same population, selection bias is

limited. Not all identified patients with a culture-confirmed S.

Typhimurium infection were included in the study, and dem-

ographic differences exist between the group of patients in-

cluded in the case study and those not matched to healthy

control subjects, so the risks associated with exposures that

may be common to young, elderly, or minority racial/ethnic

populations may be underestimated in our study. Recall bias

is another possible limitation, because ill persons are more likely

to recall specific food exposures than are control subjects. Treat-

ment with antimicrobial agents, however, is likely to be less

susceptible to this bias. Recall bias is also not likely to occur

in comparisons of patients who are infected with isolates of

varying antimicrobial sensitivity. Although any analysis of an

array of subgroups can raise concerns about multiple com-

parisons, the consistent identification of antecedent antimicro-

bial agent use as a risk factor for infection throughout the

analyses suggests that this does not affect our findings. Finally,

our study was conducted in only 5 FoodNet sites; because the

rates of multidrug resistance and the proportion of DT104

isolates among the S. Typhimurium isolates varied by site, the

results may not be representative of rates throughout the United

States.

To contain antimicrobial resistance, efforts must be made to

reduce both the selective pressure created by uses of antimi-

crobial agents and the transmission of resistant strains. Al-

though guidelines have been established regarding the appro-

priate use of antimicrobial agents in humans and food animals,

clear successes in implementing these guidelines have been few.

Continuing efforts are needed to reduce the overuse and misuse

of antimicrobial agents in humans and food animals [44, 45].

These efforts will decrease the selective pressure for and re-

sultant emergence of these MDR strains.
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